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TNF-RELATED PROTEINS

Field of the Invention

The present invention relates to proteins that are jAvelved in
inflammation and immunomedulation, particularly in B cell growth,
survival, or activation. The invention further relates to proteins related to
the lmor necosis factor (TNF}/nerve growth factor (NGF) superfamily
and related nucleic acids, expression vectors, host cells, and binding
assays. The specification also describes compositions and methods for the
treatment of immune-related and inflammatory, auteimmune and other
immune-related diseases or disorders, such as rheumateid arthritis (RA),
Crobn’s disease {CD), lupus, and graft versus host disease (GvHD).

The invention also relates to receptors for these TNF-related
proteins and methods and compositions for the treatment of inflammatory
and immune-related diseases and disorders using the receptors.

Background of the Invention ’

After years of study in.necrosis of tumors, tumor necrosis factors
{FNFs) a2 and B were finally cloned in 1984 The ensuing years witnessed
the emergence of a superfamily of TNF cytakines, incJuding fas ligand
(FasL), CD27 higand {CD27L), CD30 ligand (CD30LY, TD40 igand
{CD40L), TNF-related apoplosis-inducing ligand (TRAIL, also designated
AGP-1), osteoprotegerin binding protein (OPG-BP or OPG ligand), and 4
1BB ligand. This family is unified by its structure, particularly at the C-
terminus. In addition, most members known to date are expressed in
fmonune comnpartments, although sotne members are also expressed in
other tissues or organs, as well. Smith et a). (1994}, Cell 76: 959-62.

Tt is therefore an object of the invention to identify proteins and
nucleic acids related to TNFs. Such proleins are believed to play a rolein
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inflammatory and immune processes, suggesting thels usefulness in
treating aufoimunune and inflammatory disorders.

Summary of the Invention

In accordance with the present invention, a novel member of the
tumor necrosis factor family is described. Unlike other members of this
family, the receptor for this member is primarily expressed in B cells, and
its expression correlates to increases in the number of B ezlls and
immunoglobulins produced. The natugal, preferred human ortholog is
here called AGP-3 and contains 285 arnine adids; the mouse ortholog, 309
amine acids. The protein is a type Il transmembrane protain and has an
amino terminal cyloplasmic domain, a transmembrane domain, and a
earboxy terminal extracellular domain. TNF-related proteins of the
invention may be membrane-associated or it soluble form, recombinanily
produced or isolated alter naturel production.

The invention pravides for nucleic adds encoding such TNF-related
proteins, vectors and host cells expressing the polyﬁepﬁdes, and methods
for produding recombinant proteins. Antibodies or fragments thereof that
specifically bind proteins are also provided,

The Subject protins may be used in assays to identify cells and
tissues that express AGP-3 or related proteins, and to identify new AGP-3-
related proteins. Methods of identifying compounds that interact with
AGP-3 protein are also provided. Such compeunds include nudeic acids,
peptides, proteins, carbohydrates, lipids or small malecular weight
organis molecules and may act either as agonists or antagonists of AGP-3
protein activity.

AGP--related proteins are involved in B cell growth, survival, and
activation, particularly in the lymph node, spleen, and Peyer's patches,
AGP-3 agonists and antagonists thus modulate B cell respunse and may be
used to treat diseases characterized by inflammatory processes or
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deregulated immune response, such as RA, GvHD, €D, hupus, and the

like. Pharmaceutical compositions comprising AGP-3 proteins and AGP-3

agonists and antagonists are also encompassed by the invention.
Descdplion of the Figures

Figure 1 shows the sequence of human AGP-3. Nucleic add and
amino acd sequenzes of human AGP-3 are indicated (SEQ ID NOS: 1 and
2, respectively). The predicted transmembrane region is underlined.
FPotential N-linked glycosylation siles are shown in boldface.

Figure 2 shows the sequence of murine AGP-3. Nucleic acid and
amino add sequences of murine AGP-3 are indicated (SEQ 1D NOS: 3 and
4, respectively). The predicted transmesmbrane region js underlined.
Potential N-linked glycosylation sites are shown tn boldface.

Figure 3 shows an alignment of human and murine AGP-3, along
with a consensus sequence (SEQ ID NO: 5). The predicted buman and
murine AGP-3 protein sequences were aligned by Fileup with gap
«reation penalty (12) and gap extension penalty (4) (Wisconsin GCG
Package, Version £1, Genetics Computer Group Inc., Madison,
Wisconsin). The consensus sequence was determined by Lineup
(Wisconsin GCG Package, Version 8.1). The transmembrane regions from
amine acid 47 to 72 in human AGP3 and from amino acid 48 to 73 in
murine AGP3 are underlined. The N-termiinal intracellular domzin
resides from amino acid 1 to 46 in human AGP3 and from amino acid 1 to
47 in musine AGP3. The Cterminal extracellular darain is localized from
amino acid 73 to 285 in human AGP3, and from aming acid 74 to 309. The
human and murine AGP-3 share 68% aming acid identity overall. The C-

terminus of AGP-3 is more conserved between human and mouse, with
87% jdentity over 2 342-amino adid Jength. The putative conserved bata
strands are indicated at the top, with the amina acids forming the putative
strands undetlined.
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Figure & shows human and murine AGP-3 mRNA tissue
distribution. Human fissue northem blots (A) and murine tssue northern
blots (B) were probed with “P-labeled human AGP-3 probe (A) or murine
AGP-3 probe. The prebed blots were exposed to Kadak film for 18 hours
(A) or seven days (B).

Figure 5 shows histology analysis of AGP-3 transgenic mouse
spleen. The spleen sections from control mouse {A, C and E) and AGi’-3
transgenic mouse (B, D, and F) were stained with hematoxylin and exasin
{A and B}, anti-mouse B220 (C and D) or anti-mouse CD3 {E and F). The
spleen of the wransgenic mouse was enlarged, mainly due to the increase of
size and number of the follicles. The B cell staining aress in the spleen
follicles in the transpenic mouse were enlarged. The T cell number was
slightly diminished,

Figure 6 shows histology analysis of AGP-3 mansgenic mouse
lymph nodes. The lymph node sections from control mouse (A, C and E}
and AGP-3 transgenic meuse (B, D, and F) were stained with hematoxylin
and exosin (A and B), anti-mouse 8220 (Cand D) or anti-mouse CD3 (E
and F}. The lymph node size of the transgenic mouse was enlarged. The B
cell nurnber was greatly increased in the transgenic mouse, Instead of ' -
restricted to marginal zones of the follicles as in the eontrol mouse, the B
cells alsa filled out the follicular area in the lymph nodes of the transgenic
mouse. The T cell number was decreased in the transgenic mouse as
eompared to the control.

Figure 7 shows histology analysis of AGP-3 transgenic mouse
Feyer's patches. The Peyer’s patches sécu‘c:ns from controf mouse {A, C
and E} and AGP-3 ransgenic micuse (B, D, and F) were stained with
hematoxylin and exosin (A and B), anti-mouse B220{C and D} or ant-
mouse CD3 (E and F), The histologic and immunohistolopie changes were
similar to the changes in the lymph node of the transgenic mouse.
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Figure 8 shows FACS analysis of thymocyies, splerocytes and
lymph node cells from AGP-3 transgenic mouse. Single—ell suspensions
were prepared from spleen, lymph nodes and thymus from 10 AGP-3
transgenic mice and 5 control littermates, Cells were stained with FITC or
PE-conjugated monocional antibodies against Thy-12, 8220, CD11b, Gr-,
CD4 or CD8. The B call population increased by 100% in the transgenic
mice as compared to the conirol mice. The T celi population decreasad
approximately 36%, with similar reductions in both (D44 and CD8+
populations. Similar changes, though to a lesser degree, were observed in
splenocytes. No differences in thymocyte staining were observed between
the transgenic or control group.

Figure @ shows a sequence comparison of the C-terminal region of
rnembers of the TNF ligand family determined via Pileup (Wisconsin GCG
Package,‘\’ersiun B.1). Amino acid numbers are indicated on the left side.
The putative conserved beta strands and loops are indicated at the top.
‘The predicted N-glycosylation sites are indicated with asterisks. The top

Yine shows the consensus sequence (SEQ ID NO: 6), The remaining lines
show the sequence for the C-terminal region of the marnalian TNF-
rolated protein identified (SEQ IDNOS:7 to 24).
Detailed Descriphion of the Inventien

The following definitions apply to the terms used throughoul this
specification, unless otherwise limited in specific instances.

The term “AGP-3 related protein” refers to natural and
recombinant proteins comprising the following sequence:

QUCLOLIADSKTPTIXRGXYTPVPHLLSF
(SEQIDNO: 25)
wherein “X” may be any naburaily occurring amine add residue. This
seguence is a consensus of the B and B’ §-sheets and B/B" loop of hAGFP3
and mAGF3 (see Figure 3), which is believed to be the spedific receptor
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binding site. Fraferred AGP-3 related proteins comprise both the B/B

consensus and the E/F consensus:

AMGHXTORKEVEVFGRELSLVTLFR

{SEQ D NC: 26)

The E/F region is also believed to be involved in receptor binding, More
preferred proteins are these comprising the consensus of the B-1 region:
(PCLQLIADS XTPTIXKGEY TFVPWLLSFK RGXALEEKEN KIXVIXTGYF
FIYXQVLYTD XXXAMGHXTQ RKKVHVFGDE LSLVTLFRCI ONMPXTLPNN
SCYSAGIAXL EEGDEXQLAL PRENAQISXY, GDXTFFGALK LL

(SEQIDNO:-27)
Most preferred proteins comprise the full C-terminal consensus sequence

{SEQID NO:5) or the B- region of the human AGP-3 sequence (SEQ ID
NO: 2). Such sequences can be included in naturally pccurring proteins,
truncated naturally ocourring proteins, or recombinant and synthetic
proteins. Recombinant and synthetic AGP-3 related proteins may be
formed by fusion of the AGP-3 derived fragment with unrelated
molecules or molecular domains (e 3., Fe regions), domain swapping with
other TNF family members {e.g., substitution of SEQ. ID. NO: 6 or NOS: 6
and 7 in a sequence derived from a different TNF family member),
antibody grafting (e.g., substituting SEQ. I, NQ. 5 for an antibody CDR),
or other modifications. Such proteins are discussed further hereinbelow,
‘The proteins may also be modified by linkage to a carbohydrate (e.g.,
dextran) or a water-so}uble polymer (e.g,, PEG}. The proteins within this
definition may also include substitution with amino acids serving as sites
for attachment of non-protein groups {e.g., glysosylation sites). All such
proteins are encompassed by the term “AGP-3 related protein.”

"AGP-3 related achivity” means that a natural or recombinant
protein, analog, derivative ar fragment is capable of modulating B cell
growth, survival, or activalion, particuladly in MLN, spieen, and Peyer’s
palches, Such activity can be delermined, for example, by such assays as
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described in Example 5 hereinafter, which may be modified as needed by
many methads known to persons having ordinary skill in the art.

An “analog™ of an AGP-3 protein refers 10 a polypeptide within the
definition of " AGP-3 related protein” that has a substitution or addition of
one oF more amino acids such that the resulting pelypeptide has at Jeast
the property of eliciting B cell growth, survival, or acivation. Such
analogs will have substitations or additions at any pface 2long the
polypeptide. Preferred analogs incude those of soluble AGP-3 related

proteins. Fragments or analogs may be naturally ecoaring, such as a
polypeptide product of an allefic variant or 2 mRNA splice variant, or
they may be constructed using technigues available to one skilled in the
art for manipulating and synthesizing nucleic acids. The polypeptides
may or may not have an amino terminal methionine residue,

A "detivative” of an AGP-3 protein is a polypeptide within the
definition of “AGP-3 related protein” that has undergone post-
translational medifications. Such modifications include, for example,
addition of N-linked or O-linked carbohydrate chains, processing of
N-enminal or C-terminal ends, attachment of chemical moieties to the
amino acid backbone, chemiesl modifications of N-linked or Oulinked
carbohydrate chains, and addition of an N-terminal methionine residus
due to prokaryotic host ceil expression. In particular, chemically modified
derivatives of AGP-3 related protein that provide additional advantages

such as increased stability, longer circulating time, or decreased
imymunogenicity are conternplated. Of particular use is modificstion with
water soluble palymers, such as polyethylena plycol and derivatives
thereof {see for example U5, Patert No. 4,178,337). The chemical moietjes
for derivitization may be selected from water soluble polymers such as
polyethylene glycol, ethylene glycol/propylene glycol copolymers,
carbaxymethyleeliulose, dextran, polyviny! aleohol and the like. The
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polypeptides may be modified at random positions within the molecule,
or at predetermined positions within the molecule and may indude one,
two, three or more attached chemitzal moieties, Polypeptides may also be
modified at pre-defermined positions in the polypeptide, such as at the
amino terminus, or ata selected lysine or argifine residue within the
polypeptide. Other chemical modifications provided incjude a detectable
label, such as an enzymatic, fucrescent, isatcpié or affinity label to allow
for detection and isplation of the protein. .

The term "protein” refers to polypeptides regardless of length or
origin, comprising molecules that are recombinantly produced or
naturally occursing, full length or truncated, having a natural sequence or
mutated sequence, with or without post-translational modification,
whether produced in mamunalian cells, bacteria) cells, or any other
expression system.

‘The invention provides for a protein referred to a5 an AGP-3
yrbtein, which primarily acts an B cells. An EST bearing a portion of the
AGP-3 sequence was obtained from a human fetal liver spleen cDNA
Hbrary. A labeled cDNA fragmment was used to probe a human spleen
«DNA phage library (Example 1) The cDNA encoding a human AGP-3
was isolated from this phage library. The human protein isatype I
transynembrane protein, having a short N-terminal intracellular region
that differed from other members of the TNF ligand family and along C-
termainal extracellular region that comprises most of the conserved region
of the TNF ligand famdly.

An EST encoding a murine ortholog was identified by BLAST
search of Gengbank using the human AGP-3 sequence. The cortesponding
cDNA dlone was obtained from a mouse lymph node library and used to
probe a mouse spleen <UNA phage library (Example 2). The cDNA
encoding a murine AGP-3 ortholog was isolated from this phage library.

-8 -
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Nerthern blots were used to deterenine fssue distribution of
transcription of AGP-3 (Example 3). In murine tissue, AGP-3 mRNA was
detected mainly in spleen, lung, liver, and kidney. In human tssue, AGP-
3 mRNA was detected predeminantly in peripheral bloed leukocytes, .

5 with weaker transeription in spleen, lung, and small intestine (see Figures
4A and 4B).
The murine ortholog of AGP-3 was overexpressed in transgenic
mice (Example 4). In these transgenic mice, serwm globulin and total
.-'-“ protein levels increased greatly over contro] littermates while the albumin
®

T " 10 level remained the same {Exarmple 5), The mice 2lso exhibited increases in
u the size and number of follicles in the spleen, lymph nodes, and Payer’s

:; patches (Figures 5, 6, 2nd 7). In their MLN, the mice exhibited 100%

g increases in the number of cells expressing CD45 raceptor with

i concondtant decrsases in cells expressing CD90, (DM, and CDB. These

;: 15  results correspond to an increase in the B cell population and a decrease in
::i: the T celi population in the MLN (Figures 6 am;l B}. Similar results were

H obtained in the spleen, but to a lesser extent (Figures 5 and B).

Nuclelc Acid

. The invention provides for isolated nucleic adds encoding AGP-3

20 related proteins, As used herein, the term nucleic add comprises cDNA,
genomic DNA, wholly or partially synthetic DNA, and RNA_ These
nudeic acids sy be prepared o isolated 25 described in the warking

. examples hereinafter or by nucleic acid hybridization thereof.

.~ Nucleic acid hybridization typically involves a multi-step process.

25 A firsthybridization step forms nucleic acid duplexes from single sirands,
A second hybridization step under more stringent conditions selectively
retains nucleic acid duplexes having the éesireﬁ homology. The conditions
of the first hybridization step are generally not crucial, provided they are
not of higher stringency than the second hybridization step. Generally, the




10

15

20

25

A-870-F
second hybridization is carried out under conditions of high stringency,
wherein “high stringency”™ conditions refers to conditions of lempearature
and salt that are about 12-20 °C below the melting temperatuse (Tyn) of a
perfect hybrid of part or all of the complementary strands corresponding
to Figure 1 (SEQ ID NO: 1) and Fipure 2 (SEQ ID NO: 3). In ane
embodiment, *high stringency” conditions refer to conditions of about 65
*C and pot more than about T M Na’. It is understood that salt .
concentration, temperatue and /or length of incubation may be varied in
either the first or second hybridization steps such that one oblains the
hybridizing nucleie acid molerules according to the invention. Conditions

* for hybridization of nucleic acids and caleulaions of T, for nucleic acid

hybrids are describad in Sambrook gt al. (1989), Molecular Cloning: A
Labaratary Manual Cold Spring Harbor Laboratory Press, New York.

“The nucleic acids of the invention may hybridize to part or all of the
polypeptide coding regions of AGP-3 related proteins {e.g, SEQ ID NQ5:
2and 4 24 shown in Figures T and 2) and therefore may be truncations or
extensions of the nucleic acid sequences shown therein. Truncated or
extended nucleic acids are encompassed by the invention provided that
the encoded proteins retain AGP-3 related activity. In onz embodiment,
the nucleic acid will encode a poiypepﬁ&e of at Jeast about 10 amino adds.
In another embodiment, the nucleic acid will encode a polypeptide of at
least about 20 amino acids. In yet another embodiment, the nudeic acid
will encode a polypeptide of at least about 50 amino acids. The ’
hybridizing nucleic adds may also indude noncoding sequences located 5
and/or 3' to the coding regions for the AGP-3 related protein. Noncoding
sequences include regulatory regions involved in expression of AGP-3
related protein, such as promoters, enhancer regions, translational

initiation sites, franscription termination sites and the fike,

- 10 -
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In preferred embodiments, the nucleic acids of the invention
encode mouse or human AGP-3 related protein. Most preferred are the
rudieic acids éncoding proteins of SEQ I NOS: 2 and 4. Nucleic adids
nay encode a membrane-bound form of AGP-3 related protein or soluble
forms that Jack a functional fransmembrane region. For human AGP-3
zelated protein, the predicted transmembrane region incudes amine add
residues 47-72 inclusive as shown in Figure 1 (SEQ. ID. NO: 2); for murine
AGP-3 related protein, residues 48-73 inclusive as shown in Figure 2 (SEQ
D NO: 4). Substitutions that replace hydrophobic aming acid residues in
this region with neutral or hydrophilic amino acid residues would be
expected to disupt membrane association and result in sohuble AGP-3
related protein. In addition, deletions of part or all the ransmembrane
region would also be expecied lo produce seluble fortms of AGP-3 related
protein. Nucleic adds encoding SEQ TDNO: 5 as shown in Figure 3or

fragrnents and analogs thereof, encompass soluble AGP-3 related proteins.

Nucleic acid sequences of the invention may also be used for the
detection of sequences encoding AGP-3 related protein in biological
samples. In particular, the sequiances may be used to screen <DNA and
genpmic Jibrasies for related AGP-3 reloted protein sequences, espedally
those from other speciss. The nucleic adds are also uscful for mnduia!ing.
lavels of AGP-3 related protein by anti-sense technology or fn.viva gene
expression. Development of transgenic animals expressing AGP-3 related
protein is useful for production of the polypeptide and for the study of ig
xjve biclogical aﬁviy.

Yedors and Host Cells

The nucleic adds of the invention will be linked with DNA
sequentes so as to express biologically active AGP-3 related protein.
Sequences required for expression are known to those skilled in the art

and include promoters and emhancer sequences far initiation of RNA

- 11 -
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synthesis, transeription termination sites, ribosome binding sites for the
initiction of protoin synthesis, and leader sequences for secretion.
Sequences directing expression and secretion of AGP-3 related protein
may be homologous, L.e., the sequences are identical or similar 1o these

5  sequences in the genome involved in AGP-3 related protein expression
and secretion, or they may be heterologous. A variety of plasmid vectors
are available for expressing AGP-3 related protein in host cells {sce, for

exarnple, Metheds in Enzymelogy v. 185, Goeddel, D.V. ed., Academic

Press (199C3). For exp:mssinn in mamma!i:;m host cells, a preferred

’f r 10 embodiment s plastnid pDSRa described in PCT Application
f: No. 90/14363. For expression in bacterial host cells, preferred
t; embodiments indude plasmids harboring the Jux promotar (see to-owned
- and co-pending U.5. Serial No. 08/577,778, Rled December 22, 1995). In
5 sdddition, vectors are available for the tissue-specific expression of AGP-3
;: 15  related protein in transgenic animals, Gene transfer vectors derived from
: ’: retrovirus (RV), adenovirus (AdV), and adeno-associated virus (AAY)

) v may also be used for the expression of AGP-3 related protein in human

E cells for jn vivo therapy (see PCT Application No. 86/00922).
Prokaryotic and eukaryotic host cells expressing AGP-3 related
20 protein are also provided by the invention. Host cells include bacterial,
yeast, plant, insect or mammalian cells. AGP-3 related protein may also be
. produced in fransgenic animals, such as mice or geats. Plasmidsand
vectors containing the nucleic adds of the invention are introduced into
.. appropriate host cells using transfection or transformation technigues
25  known to one skilled in the art. Host celis may contain DNA sequences
encoding AGP-3 related protein as shown in Figure 1, 2 or 3 or aportion
thereof, such as the extracelhular domain or the cytoplasmic domain.
Nucleie acids encoding AGP-3 related proteins may be modified by
substitution of codons that allow for optimal expression in a given host.

- 12 -
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At Jeast some of the codons may be so-ailed preference codons that db
not alier the amino acid sequence and are frequently found in genes that
are highly expressed. However, itis understood that codon alterations to
optimize expressian are not restricted {o the introduction of preference
codons. Examples of preferred mammalian host cells for AGP-3 related
protein expression include, but are not limited to COS, (H0d-, 283 and
313 cells. A preferred bacterial host cell is Eacherichia coli.

Polypaptides '

The invention also provides AGP-3 related prolein as the product
of prokaryotic or eukaryotic expression of an exogenous DNA sequence.
Exogenous DNA sequences include cDNA, genomic DNA and synthetic
DNA sequences, AGP-3 related protein may be the product of bacterial,
yeast, plant, insect or mammalian cells expression, or from celi-free
translation systerns. AGP-3 related protein produced in bacierial cells will
have an N-terminal methionine residue. The invention also provides for a
process of producing AGP-3 related protein comprising growing
prokaryotic or eukaryotic hast cells transformed or translected with
nucleic adds encoding AGP-3 related protein and jsofating polypeptide
expression products of the nucleic acids,

Polypeptides that are mammalian AGP-3 related proteins or are
fragments, analogs or derivatives thersof are encompassed by the
invention. In a preferred embodiment, the AGP-3 related protein is human
AGP-3 related protein., A fragment of AGP-3 related protein refers to a

polypeptide having a deletion of ane or more aming adds such that the
resulting polypeptide has at least the property of eliciting B cell growth,
survival, or activation, espadally in masenieri¢ lymph nodes. Satd
fragments will have deletions originating from the amino terminal end,
the carbaxy terminal end, and internal regions of the polypeptide.
Fragments of AGP-3 related protein are at least abou! len amino acids, at

~ 13 -
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least about 20 amino acids, or at least about 50 aming acids in length. In
preferred ambodimants, AGD-3 rlated protein will have 2 defelon of ane
or more amine acids from the fransmembrane region {amine add zesidues
48-73 a5 shown in Figure 1), or, alternatively, one or moye amino acids
from the amino-ferminus up to and/or including the transmembrane

5
zregion (amino acid residues 173 as shown in Figure 1).
The invention further comprises AGP-3 related protein chimaras.
Such proteins comprise part or all of an AGP-3 related protein amino acid
sequence fused to 3 heterologous amino acid sequence. The heterofogous
:f 10  sequence may be any sequence that atlows the resulting Fusion protein to
:: retein AGP-3 related activity. In preferred embodiments, a heterologous
:':' sequence is fused to a sequence comprising an AGP-3related protein’s
:é B/B region {SEQ ID N 25), the B/B' region and the E/F region (SEQ D
ps NO: 26} or the more complete B-I region (SEQ IDNO: 27). Such
:’_.'.‘ 15  heterologous sequences indude cytoplasmic domains that allow for
..’7 altemnalive intracellular signaling events, saquences that promote
} oligommerization (e.g., the Fe region of IgG), enzyme sequences that

provide a Jabel for the polypeptide, and sequences that provide affinity
probes {e.g., an antigen-antibody recognition site).
20 The polypeptides of the invention are isolated and pusified from
tissues and cell lines that express AGP-3 related protein, either extracted
from lysates or from conditioned growth mediuen, and from transformed
host cells expressing AGP-3 related protein, Human AGP-3 related
. protein, or mucleic acids encoding same, may be isolated from human
.' 25 lymph node or fetal liver tissue. lsolated AGE-3 related protein is free
Frem association with hurman proteins and other cell constituents,
A method for purification of AGP-3 related prolein from natural
sources (e.p. tissues and cell lines that normally express an AGP-3 related
protein} and from transfected host cells is also encompassed by the )

L
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invention. The purification process may employ one or more standard
protein purification steps in an appropriate order to obtain purified
protein, The chromatography steps can include jon exchange, gel
filtration, hydrophobic interaction, reverse phase, chromatofocusing,
affinity chromatography employing an anti-AGP-3 related protein
antibody or biotin-streptavidin affinity complex and the like.

Antibod;

Antibodies specifically binding the polypeptides of the invention
are 3150 encompassed by the invention. The antibodies may be produced
by immunization with full-length AGP-3 related protein, soluble forms of
AGP-3 related pretein, or o fragment thereof. The antibodies of the
invention may be polydional or monoclopal, or may be recombinant
antibodies, such as chimeric antibodies whearein the smurine constant
regions on light and heavy chains are replaced by human sequences, or
CDR-graited antibodies wheretn only the complementarity determining
regions are of murine origin. Antibodies of the invention may also be
human antibodies prepared, for example, by immunization of transgenic

animals capable of preducing human antibodies {see, for example, PCT

* Application No. W093/12227). The antibodies are useful for detecting

AGP-3 related protein in biclogical samples, thereby allowing the
identification of cells or tissues that pmciucz the protein In addition,
antibodies that bind to AGP-3 related protein and block interaction with
other binding compounds may have therapeulic use in modulating B cell
growth, activation, and for proliferation.

Antibodies to AGP-3 related proteins may be useful in trestment of
immune-related diseases or conditions. Such antibodies may bind to AGP-
3, preventing AGP-3 binding to its receptors, and are thus competitive
inhibitors (i.e., having AGP-3 antagonistic activity). Antibodies can be
tested for binding to AGP-3 related protein and examined for their ability
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to inhibit AGP-3-mediated B cell growth, survival, or activation associated
with ths disease or condition {see Example 5}

It is also anticipated that Fragments, derivatives or analogs that lack
AGP-3 agonistic activity will act as antagonists of the ligand:receptor
interaction end inhibit ligand-mediated activity of the AGP-3 related
protein, Such antagonists can be .uamined for their ability to inhibit AGP-
3-mediated B cell growth, survival, or activation associated with the
disease or condition (see Example 5).

c s

The invention also provides for pharmaceutical compositions
comprising a therapeutically effective amount of the AGP-3 related
protein of the invention together with a pharmaceutically acceptable

diluent, carrier, solubilizer, emulsifier, preservative and for adjuvant. The

invention also provides for pharmaceutical compesitions comprising a
therapeutically effective amount of an AGP-3 related protein agonist or
antagonist. The term "therapeutically effective amount”™ means an amaount
that provides a thevapeutic effect for a specified condition and route of
administration. The compesition may be in a liquid or lyophilized farm
and comprises one ar more of the following:

+ adiluent {eg., Tris, acetate or phosphate bffers) having various

pH values and ionic strengths;

* asolubilizer (e.g., Tween or Polysorbate);

= carriers (e.g., huthan serum albumin or gelating;

+ preservatives {eg., thimerosal or benzyl alcohol); and

« anioxddants (e.g., ascorbic add or sodium metabisulfte).

Selection of a particular composition will depend upon a number of
factors, incTuding the condition being treated, the route of administration
and the pharmacokinetic parameters desired. A more extensive survey of

component suitable for pharmaceutieal compositions is found in
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activity associated with AGP-3 related protein, such as ability to elidt B
cell growth, survival, or activation in MLN, spleen, and Peyer's patches.
Typically, an agonist or antagonist may be a co-factor, such as a protein,
peptide, carbohydrate, lipid or small molecular weight melecule, that
interacts with AGP-3 related protein to regulate its activity, Potential
polypeptide antagonists include antibodies that react with either soluble
or membrane-assodated forms of AGP-3 related protein, and soluble
forms of AGP-3 refated protein that comprise part or all of the
extracefluiar domain of AGP-3 related protein. Molequles that regulate
AGP-3 related protein expression typically inchude nucleic acids that are
complementary to nucleic acids encoding AGP-3 related protein and that
act as anti-sense regulatots of expression.
AGP-3 and agonists thereof may be particulacly useful in treatment

of inflammatory conditions of the joints. Inflammatory conditions of a
joint are chronic joint diseases that afflict and disable, to varying degress,
wdllions of people worldwide, Rhewmatoid arthritis is a disease of

" articular joints in which the cartilage and bone are slowly eroded away by

a proliferative, invasive connective tissue called pannus, which is derdved
from the synavial membrane. The dissase may involve perf-articular
structures such as bursae, lendon sheaths and tendons as well as extra-
articular tissues such as the subcutis, cardiovascular system, lungs, spleen,
lymph nodes, skeletal muscles, nervous system {central and peripheral)
and eyes (Silberberg (1985), Anderson’s Fathology, Kissane (ed.), [1:1828).
Osteoarthritis is a common joint disease characterized by degenerative
changes in articular cartilage and reactive proliferation of bone and .
cartilage around the joint. Ostecarthritisisa cell-mediated active process
that may result from the inappropriate response of chondrocytes to
cataboliz and anabolic stimuli. Changes in some matrix molecules of

articular cartilage reportedly oeeur in eatly osteoarthritis (Thenar etal.
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(1653}, Rheumatic disease dinics of North America, Moskowitz (ed.},
1%:635-657 and Shinmei et al. {1992}, Arthritis Rheum,, 35:1304-1308).
AGP-3 and agonists thereof are believed to be useful ir the treatment of
these and related condilions.

AGP-3 related protein and agonists or antagonists thereof may also
be useful in treatment of a number of additiona} diseases and disorders,
induding arute pancreatitis; ALS; Alzheimer’s disease; cachmda/anorexia;
asthmna; athevesclerosis; chronic fatigue syndrome, fever; diabetes {e.g,,
insulin diabetes); glomerulonephritis; graft versus host rejection;
hernohorragic shock; hyperalgesia, inflammatory bowel disease;
inflammatory conditions of a joint, including ostecarthrits, psoriatic
arthritis and rheumnsatoid arthritis; ischemic injury, induding cerebral
ischemia {e.g., brain injury as a result of trauma, epilepsy, hemorrhage or
stroke, each of which may lead to neurodegeneration}; lung dlizeases (e.g.,
ARDS); multiple myeloma; multiple sclerosis; myelogenous {e.g., AML
and CML) and other Jeukemias; myopathies {e.g., muscle protein
metabolism, esp. in sepsis); osteaporesis; Parkinson’s disease; pain; steep
disturbance; neurptoxicity (e.g., as induced by HIV); Jearning impairment;
pre-term labor; paoriasis; reperfusion injury; septic shock; side effects from
radiation therapy, temperal mandibular joint disease, hunor metastasis; or
an inflammatoery condition resulting from strain, sprain, cartilage damage,
trauma, orthopedic surgery, infection or other disease processes.

Agonists and antagonists of AGP-3 related protein may be
administered alone or in combination with a therapeutically effective
amount of other drugs, induding analgesic agents, disease-modifying
anti-rheumatic drugs (DMARDs), non-steroidal anti-inflammatery drugs
(NSAIDs), and any immune and/or inflamsnatory medulators. Thus,
agonists and antagonisty of AGP-3 related protein may be administered
with: )
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+ Modulators of other members of the TNF/TNF receptor family,
including TIF antagorists, such as EnbrefTM, sSTNF-R1, and
AvakineTM.
» Nerve growth factor (NGF)} modulators. .
5 + TL-1 inhibitors, such as IL-1ra, IL-1 antibodies, solubilized -1
receptor, and the like. ‘
o IL-5 inhibitors {e.g., antibodies to IL-6).
+ IL-8 inhibitors (e g., antibodies to IL-8).
+ ILAB inhibitors (e.g., [L-18 binding protein or IL-18 antibodies).
10 » Interleukin-1 converting enzyme (ICE) modulators.
+ Transforming growth factor- (TGF-fi }, TGF-p family members,
and TGF-B modulators.
» Fibmoblast growth factors FGF-1 to FGF-10, and FGF
medulators.
15 + Osteoprotegerin (OPG) and OPG analogues.
+ PAF antagonists.,
»  Keratinocyte growth factor (KGF), KGF-related molecules, and
KGF modulators.
+ COX2inhibitors, such as Celebrex™ and Vioxs™.
20 » Prostaglandin analogs (e.g., E series prostaglandins).
» Matrix metalloproteinase (MMP) modulators,
» Nitric oxide synthase (NOS) modulaters, indluding modulators
of inducible NOS.
* Medulators of glucocorticnid receptor.
25 » Modulators of glutamate receptor.
» Modulators of ]ipn§nlysacchaﬁde (LPS} levels.
*  Anti-cancer agents, including inhibitors of cncogenes (e.g., fos,

jun) and interferans.
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= Noradrenaline and modulators and mimeties thereof.

Assay Methods of Use

AGP.3 related proteins may be used in a variety of assays for -
detecting AGP-3 receptors, agonists, antagonists and characterizing
interactions with AGP-3 related proteins, In general, the assay comprises
incubating AGP-3 related protein under conditions that permit ;
measurement of AGP-3 related activity 2s defined above:Qualitative or .
quantilative assays may be developed. Assays may also be used to
identify new AGP-3 agonists ar antagunists and AGP-3 related protein
family members.

Binding of natural or synthasized receptor, agonist, or antagonisi to
AGP-3 related protein may be carried out in several formats, including
ceR-based binding assays, membrane binding assays, solution-phase
assays and immunoassays. In genetal, trace Jevels of alabeled binding
molecule are incubated with AGP-3 related protein samples for a specified
period of time followed by measurement of bound molecule by filtration,
electrochemiluminestent (ECL, ORIGEN system by 1GEN), cel}-based or
immunoassays. Homogeneous assay technologies for radivactivity (SPA;
Amersham) and time-resalved fluoresence (HTRF, Packard) c;al:t also be
mpiemented. Binding is detected by labeling a binding molecule {e.g., a0
anti-AGP-3 antibody) with radioactive isotopes (1251, 355, 3H), ﬂt.xoxesa:nl
dyes (Nuorescein), lanthanide (Eud+) chelates or aryptates, orbipytidyl-
rutheninm (Ru™) complexes. It is understood that the choice of a Jabeled
probe will depend npon the detaction system used. Alternatively, 2
binding meleculs may be modified with an unlebeled epitope tag (..,
biotin, peptides, His,, myc} and bound to proteins such as streptavidin,
anti-peptide or anti-protein antibodies that have a detectable label as

described above.
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Binding molecules in such aﬁsays may be nucleic acds, proteins,
peptides, carbohydrates, lipids or small molecular weight erganic
compounds, The binding molecule may be substantially purified or
present in a erude mixture, The binding molecules may be further
characterized by their ability to inarease or decrease AGP-3 related protein
activity in order to defermine whether they act as an aganist or an
antagonist, )

1n 2n alternative method, AGP-3 related protein may be assayed
directly using pelyclonal or monoclonal antibodies to AGP-3 related
proteins in an imemunoassay. Additional forms of AGP-3 related proteins
containing epitope tags as described above may be used in solution and
immunoassays.

AGP-3 related proteins are also useful for identification of
intracellular proteins that interact with the cytoplasmic domain by ayeast
two-hybrid screening process. As an example, hybrid constructs
comprising DNA encoding the N-terminal 50 arrino acids of an AGP-3
related protein fused to ayeast GALA-DNA binding damain may beused
as a two-hybrid bait plasmid, Positive clones emerging from the screening
may be characterized further to identify interacting proteins. This
information may help ehucidate an intraceliular sign.a]}ng mechanism
associated with AGP-3 related protein and provide intracallular targets for
new drugs that modudate inflammatery and immune-related diseases and
conditions. .

A variety of assays may be used to measure the interaction of AGP-
3related protein and agonists, antagonists, or other Yigands jn vitrg using
purified proteins, These assays may be used 1o sereen compounds for their
ability to increase or decrease the rate or extent of binding to AGP-3
related protein. In one type of assay, AGP-3 related protein can be
immobilized by attachment to the bottom of the wells of 2 microtiter plate,

- 22 -




ns

Tl T EG"™ I Y

it

15

26

25

A-570-P

A radiclabeled binding molecule and a test molecule can then be added
gither one at a tima {in either order) or simultanecusly lo the wells. After
incubation, the wells can be washed and counted using a saintillation
counter for radioactivity to determine the exient of binding to AGP-3
related protein, Typically, molecules wil be tested overa range of
concentrations, and a series of control wells lacking one or mere elements
of the test assays can be used for accusacy in evaluation of the results. An
alternative to this method invelves reversing the "positions” of the
proteins; i.e., immobilizing a binding molecule to the mictrotiter plate

‘wzﬂs, incubating with the test cqmpounci and r;\dialabeled ACGP-3related

protein, and determining the extent of binding. See, for example, chapter
18 of Cyrrent Protocols in Melecular Biology (1995} (Ausubel etal, eds.),
Jobn Wiley & Sons, New York, NY.

As an alternative to radiolabeling, AGP-3 related proteinor a
binding melecule may be conjugated to biotin and the presence of
bibtinylated protein can then be detected using streptavidin linked to an
enzyme, such as horseradish peroxidase {FIRF} or alkaline phosphatase
{AP), that can be detected colorimetrically, o1 by fluprescent tagging of
streptavidin. An antibody directed to AGP-3 related protein ora binding
molecule that is conjugated to biotin may also be used and can be detected
after incubation with enzyme-linked streptavidin linked to AP or HRP.

AGP-3 related protein or a binding molecule may also be
immobilized by attachment to agarose beads, acrylic beads or ather types
of such inert substrates. The subsirate-protein complex canbe placed ina

sclution contairing the complementary protein and the test compound;
after incubation, the beads can be precipitated by centrifugation, and the
amount of binding betweent AGP-3 related protein and a binding molecule
ean be assessed using the methods described above. Alternatively, the

substrate-protein tomplex can be immebilized in a column and the test
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molecule and complementary molecule passed over the column.
Formationof 2 a':mplsx between AGP-3 related protein and the binding
mmolecule can then be assessed using any of the techniques set farth above
{i-e, radiclabeling, antibody binding, and the like).

Another useful in vitrg assay is a surface plasmmon resonance
detector systern, such as the Biacore assay system (Pharmacia, Piscataway,
NJ}. The Biacore system may be cartied oul using the manufacturer's
protocol, This assay essentially involves covalent binding of either AGP-3
related protein o7 a binding molecule to 2 dextran-coated sensor chip that
is Jocated in a detector. The test compound and the other complementary
protein can then be injected into the chamber containing the sensor chip
gither simultaneously or sequentially and the amount of complernsntary
protein that binds can be assessed based on the change in molenular mass
that is physically associated with the dextran-coated side of the of the
sensor chips the change in molesular mass can be measured by the
detector systeri.

In vitwo assays such as those descxibed above may be used
advantagecusly to screen rapidly large numbers of compounds for effects
on complex formation with AGP-3 related protein, The assays may be
automated to sereen compounds generated in phage display, synthstic
peplide and chemical synthesis librasies.

Compounds that increase or decrezse complex formation of AGP-3
related protein and AGP-3 binding molecules may also be screened in cell
cuiture using cells and cell lines bearing such ligands. Cells and cell lines
may be obtained from any mammal, but preferably will be from human cr
other primate, canine, or rodent saurces, Such cells may be enriched from
ather cell types by affinity chrematography using publicly available
procedures. Attachment of AGP-3 related protein to such cells is evaluated
in the presence or absence of test compounds and the extent of binding
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may be determined by, for example, flow cytometry using a biotinylated
antibody to AGF-3 related protein, Cell culture agsays may be used
advantageously to further evaluate compounds that score positive in
protein binding assays described above.

The following examples are offered to more fully illustrate the
invention, but are not construed zs limiting the scope thereof.

EXAMFPLE ]
Cloning of Human AGE-3

A'INF family profile search of the Genbank dbEST data base was
parformed. Smith gt al.(1994), Cell, 76: 959-62; Luethy et al.(1994). Protein
Science, 3: 13%-46. One human EST sequence (GenBank accession number
T87299) was identified as a possible new member of the TNF ligand. The
EST was obtained from human fetal liver splean cDNA library {The
WashU-Merck EST Project). The cDNA clone {115371 37) correspending to
the EST sequence was obtained from Genome Systems, Inc. (St Louis,
MO). The cDNA fragment was released from the pT/T3D vector with
EcoRI and Notl digestion. The fragment was approximately 0.7 kb in
length and was used for the subsequent full-length cloning.

The "P-dCTP-labeled T8729% <DNA fragmnent was used as a probe
to sereen 2 human spleen cDNA phage library (Stratagene, La Jolla, CA).
Recumbinant phages were plated anto E. coli strain X1 -blue at
approximately § x 10' transformants per 150 mm LB plate Nitrocellulose
filters were lifted from these plates in duplicates. Filters were
prehybridized in 5x $5C, 50% deionized formamide, 5x Denhardt’s
solution, 0.5% SDS, and 100 g/ 1) denatured salmon sperm lﬁNA for2
hours at 42 °C. The Hlters were then hybridized in the same solution with
the addition of 5 ng/ml of [abeled probe at 42°C ovemight, The filters

7 were first washed in 2x $5C and 0,1% SIS for 10 minutes at RT twice, and
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then washed %n 0.1x S5C and 0.1% SDS at 65 °C for 30 minutes twice. The
[ilters wera then exposed to sutoradiography with intensifying streens at -
80 °C overnight. Positive hybridizing plaques were determined by
aligning the duplicate filters, and then picked up for subsequent
secondary or tertiary screening till single isclated positive plaque was
oblained, From total of ane million recombinant phage clones, 8 positive
plagues were obtained.

The pBluescript phagemid was exdised from phage using the
ExAssist™ /SOLR™ System accc-:rding to the manufactuwer’s description
{Stratagens, La Jolla, CA). The excised phagemids were plated onto freshly
grown SOLR celis on LB/ampicillin plates and incubated overnight.
Single bacteria colony was amplified in LB media containing 100 ptg/mt
ampicillin. The plasmid DNA was prepared and hoth strands of cDNA

insert were sequenced.

The human AGP-3 cDNA (clane 13-2} is 1.1 kb in Jength. It encodes
2 LORF of 285 amino acids. FASTA search of the SwissProt database with
the predicted AGP-3 protein sequence indicated that it is mostly related to
human TNFa with 25% jdentity in C-terminal 116 amino acid overlap.
Like other TNF ligand family members, humman AGP-3 protein isa type I
transmembrane protein, containing a short N-terminal intracelhular
domain (amino acids 1-46), 2 hydrophebic transmembrane region (amino
acids 47-68) following by a long C-terminal extracellular domain {amino
acid £8-285). The C-terminal extracelhwar domain of AGP-3 contained
most of the conserved region of the TNF ligand family. Smith et al.(1594),
Cell, 76: 959-62.

EXAMPLE 2
Cloning of Murine AGP-3

An EST sequence {Genebank accession nurnber AAZS404T)

encoding a potential murine AGP-3 ortholog was identified by BLAST
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search of Genebank dbEST database with human AGP-3 sequence. The
corresponding ¢DNA done (722549 5°) from mouse lymph node library
was tbtained from Genome Systems, Inc. {5t Louis, MO). The dlone
contained a 0.9 kb cDNA insert which could be released by EcoRl and
Notf digestion. The 0.9 Ky cDNA fragment encodes an open reading frame
of 96 amine acids which shares 87% identity with the corresponding C-
terminal human AGP-3 polypeptide sequence. A 0.41 kb EcoRI-Xmnl
fragment, which contained 290 bp coding region and 120 bp 3’ non-roding
region, was used as probe to.scresning a mouse spleen cDNA phage
Tbrary {Stratagene, La Jolla, CA) for full length murine AGP-3 cDNA as
deseribed above. From ane million recombinant phage clones, & positive
plagues were obtained, The phagemid was excised from phage as
described above, The plasmid DNA was prepared and both strands of
cDNA insert wera sequenced. The murine AGP-3 <DNA {clone S6}
encades a polypeptide of 309 amino acids. Like its human ortholog,
murine AGP-3 is alsc a type I transmembrane region, containing a short
N-terminal intraceliular domain (amino acid 1-46), a hydrophobic
transmembrane region (amine acld 47-68) following by 2 long C-lerminal
extracellular domain {amino acid §9-285). The human and murine AGP-3
share 68% amino acid sequence identity overall. However, the C-terminal
142 amine acid sequences share 87% identity between the two species.
Preceding the highly conserved C-terminus region, there is an insertion of
30 extra amine acids in the murine AGP-3. Four out of 7 positive phage
plagues were independent clones, yet they all shared the same coding
seguences.
EXAMPLE?
Expression of human and munine AGP-3 mRNA
Multiple human of mugine tissue northern biots {Clontech, Palo
Alto, CA) were probed with “P-dCT? labeled human AGP-3 0.7kb ;‘EcoRI-
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Not! fragment or murine AGP-3 0.41kb EcoRl-Xmnl fragment,
respectively. The Northem blos were prehybridized in 5x 880, 50%

. deionized formamide, 5xDenhardt’s solution, 0.5% SDS, and 100 pg/ml
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denatured salmon spern DNA for 2 hours at 42 °C. The blots were then.
hybridized in the same solution with the addition of Sng/ml of labeled
probe at 42°C overnight. The flters were first washed in 2 S5C and 0.1%
SIS for 1 mirwtes at RT twice, and then washed in 0.ix S5C and 0.1%
SIS at 65 °C for 30 minutes twice. The blots were then exposed to
sutoradiography. The human tissue northe blot analysis with human
AGP-3 probe under stringent condifians revealed predominant AGP-3
transcripts with a related molecular mass of 2.4kb in peripheral blood
leukocytes (Figure 4A). Weaker expression was also detected in human
spleen, lung and small intestine (Figure 4A). Among murine fissues
analyzed, murine AGP-3 mRNA, with a relative molecular mass of 2kb,
was mainly detectad in spleen, lung, liver and kidney (Figure 4B).
EXAMPLE 4
QOvarexpression of mutine AGP-3 in transgenic mice
Murine AGP-3 ¢DNA done 56 in pBluescript SK(-) in pBluescript
was used as template to PCR the entire coding region. T3 primer |
5 AATTAACCCTCACTA AAGGG Y
SEQIDNO:28

was used as 5 PCR primer. The ¥ end PCR primer, which contained a

Xhol site, was
5 TCT COC TCG AGA TCA CGC ACT CCAGCA AGT GAG ¥
SEQID NO:29

PCR reactions were carried in a vofume of 50 115 with 1 unit of vent DNA

polymerase (New England Biolabs) in 20 mM Tris-HC| pH 8.8, 10 mM

(NHL50,, 0.1% Triton-X160, 10 itM of each ANTP, 1 uM of each primer

and 10 ng of murine AGP-3 cDNA template. Reactions were performed in
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94 °C for 45 5, 55 °C for 55 5, and 72 °C for 2 minutes, for a total of 35
cycles. The PCR fragment created a Xhol site at 3’ end after the AGP-3
coding region. The I kb PCR fragment was purified by electrophoresis,
and digested with Xbal {present in the pBluescrpt MCS, B0 bp upstrear
of AGP-3 starting Methione) and Xhol restriction enzymes. The Xkal-Xhol
PCR fragment was cloned into expression vector under the control of the
human f-actin promoter. Graham gi al.{1597), Nature Genefics 17: 272-4;
Ray et al{1991), Genes Dev. 5: 226573, The PCR agmant was sequenced
to ensure no mutation. The murine AGP-3 expression plasmid was
purified through two rounds of CsCl density gradient centrifugation. The
purified plasmid was digested with Clal, and 2 6 kb fragment containing
murine AGP-3 ranspene was purified by gel electrophoresis. The purified
fragment wes resuspended in 5 mM Tris, pH 7.4, 02 mM EDTA at 2
pg/ml cancentration, Single-celt embryes from BDF1 x BDFl-bred mice
were injected as described (WOS7 /23614). Embryos were cultured
overnight in a CO, incubator and 15-20 2-cei embryes were transferred {0
the oviducts of psendopregnant CD female mice.

Following term pregnancy, 62 offspring were oblained from
implantation of microinjected embryos. The offspring were screened by
PCR amplification of the integrated transgene in genomic DNA samples.
Ear pieces were digested in 20 i} ear bulfer (20mM Tris, pHB.C, 10mM
EDTA, 0.5% 505, 500 pg/mi proteinase K] at 55°C ovemight. The sample
was diluted with 200 ) of TE, and 2 of the ear sample was used for the
PCR reaction. The 5" PCR primer

5" AAC AGG CTA TIT CTT CAT CTA CAG ¥
SEQIDNO:30
resided in the murine AGP-3 coding region. The 3" FCR primer
5" CTC ATC AATGTATCT TATCATGICT ¥
SEQIDNC: 31
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sesided in the vector 3' to the murine AGP-3 transgene. The PCR reactions
were carried in a volume of 50 pl with 0.5 unit of Tag DNA polymerase
{Boehringer Mannheim, Indianapolis, IN) in 10 mM Tris-HCl pH 8.3, 50
mM KU, 25 mM MgC,, 10 uM of each dNTP, 1 uM of each primer and 2
1 of ear sample. The mixtures were first heated at %4 °C for 2 min, and the
PCR reactions were performed in 94 °Cfor 305, 35 °Cfor 30's, and 72 °C
.for :
455, for a total of 35 cyces. OF the 62 ofispring, 10 were identified as PCR
positive transgenic founders.
At B weeks of age, all ten transgenic founders (animal 3, 6, 9,10, 13,
38, 45, 58, 59, and 62) and fve controls (enimal 7, 8, 11, 12 and 14) were
sacrificed for necropsy and pathological analysis. Portions of spleen were
removed, and total cellular RNA was isolated from the spleens of all the .
transgenic founders and negative controls using the Total RNA Extraction
Kit{Qiagen Inc., Chartsworth, CA). The expression of the transgene was
determined by RT-PCR. The cDNA was synthesized using the
SuperSaipt™ Preamplifimﬁnn System according to the manufactarer’s
instructions (Gibco BRL, Gaithersburg, MD). The primer
5 CTC ATC AAT GTATCTTATCATGICTY
SEQIDNO: 32

which was located in the expression vector sequence 3 o the AGP-3
transgene, was used to prime cDNA synthesis from the transgene
transcripts. Ten pg total spleen RNA from transgenic founders and
controls were incubated with 1 uM of primér at 70°C for 10 min, and .
placed on ice. The reaction was then supplemented with 10 mM Tris-HO
pH 8.3, 50 mM KCL, 25 mM MgCl, 10 #M of each dNTP, 0.1 mM DTT
and 200 U SuperScript I RT. After incubation at 42 °C for 30 min, the
reaction was stopped by heating at 72 *C for 15 min. Total RNA were
digested by;ddib'im of 2 U RNasz H and incubation at 37 °C for 20 min.

- 30 -




10

i5

A-5370-P

Subsequent PCR reactions were carried out by using murine AGP-3
specific primers. The 5 PCR primer was
5" AGCCGC GGCCACAGG AACAGY
SEQIDNG: 33
The 3" PCR primer was
5 TGG ATGACATGA CCCATAGY
SEQIDNO: 34 _
The PCR reaction was pexformed in a volume of 59 pl with 0.5 unit Tag
DNA polymerase in 10 mM Tris-HC pH B3, 50mM KCL, 25mM MgCl,,
10 1M of each dNTF, 1 M of each primer and 1 of <DNA product. The
reaction was performed at 94 °C for 305, 55°C for 30 5,and 72°C for 1
1tiisy, for a total of 35 cycles. The PCR product was analyzed by
electrophoresis. Transgene expression was detected in the spleen of all ten
AGP-3 transgenie mice founders.
' EXAMPLE 3
Biological activity of AGF-3 i
Prior to euthanasia, 21} animals were weighed, anesthetized by
isofluorane and blood was drawn by cardiac punchire, The samples were

' subjected to hematology and serum chemistry analysis. The serum

20

25

gicbutin jevel in all the AGP-3 transgenis mice (animai 3, 6, 9, 10, 13, 38,
40, 58, 59 and 62) increased more than 100% as compared to the control
Kittermates {animal 7, 8, 11, 12 and 14, Table 1), Total protein Jevel also
increased correspendingly in the transgenic group, while albumin jevel
remained the same. No significant differences in other serum chemisiry or
hematology parameters were observed at this age.

Radiography was performed after terminal exsanguination. There
was no differente in the radiodensity or radiologic morphology of the

skeleton. Upon gross dissection, major visceral organs were subject ro

weight analysis. The spleen weight relative to the body weight increased
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by approximately 45% in the AGP-3 transgenic group 25 compared to the
control mice. The sizes of lymph nodes and Peyey’s patches were also
increased substantially In all the AGP-3 transgenic mice.

Fallowing gress dissection, tissues were remaved and fixed in 0%
bufferad Zn-Formalin for histologica! examination. The tissues collected
were liver, spleen, pancreas, stomach, the entire gastrointestinal tract,
Kidney, reproductive organs, skin and mammary glands, bane, brain,
heart, lung, thymus, trachea, esophagus, thyroid, adrenals, urinary
bladder, lymph nodes and skeletal smuscle. After fixation, the Hssues were
processed into paraffin blocks, and 3 pim sections were obtained. All
sections were stained with hematoxylin and exosin, and subject to
histologic analysis. The size and the number of the follicles in the spleen,
lymph nodes and Peyer’s patches were incrazsed significantly in the AGP-
3 transgenic mice (Figwre 5, 6 and 7). The spleen, lymph node and Peyer's
patches of both the transgenic and the control mice were subject to
immunchistelogy analysis with B cell and T cell specific antibodies. The
formmalin fixed paraéfin embedded sections were deparaffinized and
hydrated to deionized water, The sections were quenched with 3%
hydrogen peroxide, blocked with Protein Block (Lipshaw, Pittsburgh, PA),
and incubated in rat menodonal anti-mouse B220 and (D3 (Harlan,
Indianapolis, IN), respectively. The binding was detected by biotinylated
rabbit anti-rat immunoglobulins and peroxidase conjugated streptavidin
(BioGenex, Szn Ramen, CA) with DAB as chromagen (BioTek, Sants
Barbara, CA). Sections were counterstained with hematoxylin. The B eell
numbezs, as indicated by positive B220 stalning, increased significantly in
the spleen, lymph nodes and Peyer’s batches (Figure 5, 6, and 7). The T cell
numbers, as indicated by the anti-CD3 staining, were slightly decreased.
There wera no differences in the morphology of the thymus batween the
-transgenic and the control group. By immunchistology, the T eell
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population was similar in numbers. At8 weeks of age, there are no
distinctive morphelogic changes in the liver, kidneys, or urinary, central
nervous, hematopoietic, skeletal, respiratory, gastrointestinal, endocrine,
or reproductive systems,

After necropsy, MLN and sections of spleen and thymus from 10
AGP-3 ransgenic mice {(animals 3, 6, 9,10, 13, 38,40, 58, 5%.and 62) and 5
conirol Bttermates {animals 7, 3, 11, 12, and 14} were removed. Single cell
suspensions were prepared by gently grinding the tissues with the flat end
of a syringe against the bottom of a 100 pm nylon cell strainer (Becton
Dickinson, Franklin Lakes, NJ). Celis were washed twice in a 15 m}
volume then counted. Approximately ! million cells from each Hssue was
stained with 0.5 pg antibody in a 100 1l volume of PBS (without Caldium
and Magnesium) + 0.1% Bovine Albumin +0.01% Sodium Azide. All
spleen and MLN samples were incubated with 05 pg CD16/32(Foill/IT)
Fe block in a 2014 volume for 10 minutes prior to the addition of FITC or
PE-conjugated monoclonal antibodies against CD90.2 (Thy-1.2), CE4SR,
(B220), CD13b{Mac-1), Gr-1, T4, or CDB (PharMingen, San Diego, CA) at
2.8 °C for 30 min. The cells were washed then analyzed by flow cytometry
using a FACSean (Becton Dickinsen, San José, CA). Thymus samples were
stained with FITC conjugated anti-Thy-12, FITC conjugated ant-CD4, and
PE conjugated anti-CD8 (PharMingen, San Diego, CA).

In the MLN of the AGP-3 transgenjc mice, the percentage of 220
positive B cells inceased by 100% (Figure 6). The percantage of the Thy-
1.2 positive T cells decreased approximately 36%, with similar reductions
in both CD4{+) and CD8{+) populations. The helper CD4{+) / suppressor
CDB(+) ratio remained unchanged. Similar increases in B cell and
reductions in T cell populations wers also observed in the spleens of the
AGP-3 ransgenic mice (Figure B), though to a lesser extent. No obvious
changes in staining with anti-CD11b or anti-Gr-1 antibodies were

- 33 -




19

15

i)

A-570-P

oaegh

observed in the lymph node and spleen between the kransgenie and the

control group. In the thymus, there were no differences in the percentages
of Thy-1.2(+), CD4{+), CDB(+) or CD4{+)CDB(+) populations between the
AGP-3 fransgenic and the control mice.

Abbreviations

Abbreviations 2s used throughout this specification are defined as

follows, unless otherwise defined in spedficinstances.

CDR

EST

ORF
505
TNF

complementarity determining region

expressed sequence tag
open reading fame
sodinm dodecy! sulfate
tumnor necrosis factor

* L3 £

While the present invention has been described in terms of the

preferred embodiments, i is understood that variations and modifications
will occur to thase skilled in the art. Therefore, it is intended that the
appended claims cover all such equivalent variations that come within the

scope of the invention as claimed.
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What is claimed is:
1. Anisolated o7 recombinant polypeptide having a sequence comprising
SEQIDNG: 25. )
2. The polypeptide of Claim 1, further comprising SEQ 1D NO: 26.
3. The polypeptide of Claim  having a sequence comprisig SEQ ID NOG:
.
4. The polypeptide of Claim 1 having a sequence comprising SEQ D NO:
5
5. A polypeptide of Claim 1 capable of eliciting B cell grawth, survival, or
activation in mesenteric lymph nodes.
5. The polypeptide of Claim 5, wherein the sequence comprises SEQ ID
NO:2
7. 'The polypeptide of Claim 5, wherein the sequenice comprises SEQ ID
NO: 4.
8. The polypeptide of Claim 5, wherein the sequence further comprises
the C’ through 1 region of SEQ ID ND: 6.
9. An isclated nuclele acid encoding a protein of any of Claims 1 ko 8.
10. The nucleic acid of Qaim 9 including one or more codons praferred for
Escherichia coli expression.
11. The nucleic acid of Claim 3 having a detectable labe] attached thereto.
12. An expression vector comprising the nucleic adid of Claim 9.
13. An expression vecior comprising the nuclele adid of Claim 10.
14. A host cell transformed or ransfected with the expression vector of
Claim 12, .
15. A host cell transformed or transfected with the expression vector of
Claim 13,
16. The hos! cell of Claim 14, wherein the cell is a prokaryotic cell.
17. 'The host cell of Caim 15 wharein the cell is a prokaryotc cell.
18. The host cell of Claim 16, wherein the cell is Escherichia coli.
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19. The host cell of Claim 17, wherein the cell is Escherichia goli-
20. A process for producing an AGP-3 protein comprising:
{a) ngﬁﬂ suitable nutrient conditions host cells transformed
or transfected with the nucleic acid of Claim 9; and
{b) isolating the polypeptide product of the expression of the nucleic
acid.
2LA puly.peptide produced by the process of Caim 28,
22. The protein of any of Claims 1 to 8, wherein the protein has been
covalently modified with a waler-scluble polymer.
23. The protein of Claim 22 wherein the polymer is polyethylene glycol.
24, An antibody or fragment thereof which specifically binds the
polypeptide of Claim 1.
25. The antibody of Claim 24 which is 2 menoclonal antibody.
26. A method for detecting the presence of an AGP-3 related proteinina
biological sample comprising:

(=) incubating the sample with the antibody of Claim 24 under
conditions that aBow binding of the antibody to the AGP-3 related
protein; and

(b} detecting the bound antibody.

27. A method to assess the ability of a candidate compound to bind to an

AGP-3 related pratein comprising:

(a} incubating the AGP-3 related protein with the candidate compound
under conditions that allow binding; and

(b) measuring the bound compound.

28. The methad of Claim 27 wherein the compound is an agonist or an
antagonist of an AGP-3 related protein.

29. A method of regilating expression of an AGP-3 related protein inan
animal comprising administering to the animal 2 pucleic acid

complementary to the nucleic add of Claim 9.

_35_




@°

A-570-p

30. A pharmaceutical compnsition comprising a therapeutically effective
amount of aproteinof Qeim 1ina ;:P.armacauﬁcﬂy accepiable
carmier, adjuvant, solubilizer, stabilizer and/or anti-oddant.

31 Amethod of modulating B cell growth, su‘:vi;ral, or gctivation ina
mammal comprising administering a therapeutically effective amount
of a modulator of the protein of Claim 1.

32 The method of Claim 31 wherein the modulator is an antibody, or
fragiment thereof, which specifically binds an AGP-3 related protein.
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TNF-RELATED PROTEINS
Abstract

Anovel member of the tumer necrosis factor family is deseribed. This
member is primarily expressed in B cells and its expression corvelates to
increases in the number of B cells and immuhoglahuﬁns produced, The
natural, preferred human ortholog is here called AGP-3 and contains 283
amino acids, the mouse 309 amine acids. The proteinisa type Il
transinembrane protein and has an amine terminal cytoplasmic domain, 3
transmembrane domain, and a carboxy terminal extracellular domain,
TNF-related proteins of the invention may be membrane-associated or in
soluble form, recombinantly produced or isclated after natural
production. The invention provides for nucleiz acids encoding such TNF-
related proteins, veetors and host cells expressing the polypeptides, and
methods for producing recombinant proteins. Antibodies or fragments
thereof that specifically bind the proteins are also provided.
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FIGURE 3

Alignment of human and murine AGP) protein seguences
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FIGURE 4

Tissue Distribution of Human AGF3
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